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(54) 3 Jl EKTPOn PM BOfl 

(57) Pecf>epaT: 

Hcnonb3osaHne: b nnHeflHbix CMHxpoHHbix 
3/ieiaponpnBOAax aha na3epHofl pe3Kn, CBapwi 
\a c6opKM, MexaHoo6pa6oTKe. CymHOCTb 
n3o6pereHnn: oneiaponpuBOA coa©P>*cmt 
nHHe&Hbifi cuhxpohhuh* ABHraTejib, HNieioLUMfl 
HenoABM)KHyio MacTb, KOTopaa BbinoiiHeHa b 
BHAe MamnTonpoBOAa c 3aKpenneHHbiMM Ha 
HeM nocTOAHHbiMM MarnnTaMn c nepeAyiomeflcfl 
nepeiweHHofl nonapHOCTbK), noABH)KHyio MacTb c 

AByMfl flKOpflMH, HMetOl^HMH KaXf\M OCHOBHyK) 

TpexcJ)a3nyK> o6MOTKy n AononHWTenbHyio 
TpexcpasHyio o6MOTKy, coAepwamyio MeHbiuee 

HMcno bhtkob no CpaBHeHHK) C OCHOBHOH* n 

ynoweHHofi b k3>kaom a rape napa/inenbHO 
ochobhoH, Asa i^nc{)poaHanoroBoro 
npeo6pa30BaTens, ABa ycuriMTena moiahocth, 
ABa cyMMaTopa, ycTpoficTBO ^ncnosoro 



nporpaMMHoro ynpasjieHMfl, 
nponopunoHa/ibHO-MHTerpanbHbifl peryjiflTop, 
orpaHUHMTe^b HanpaxeHMa, MHepunoHHoe 
3BeH0, ysen TOKoorpaHnneHnfl, 
<J)yHKUMOHanbHbi« npeo6pa30BaTe/ib, ABa 
pery/iflTopa toio, ABa AaTHMKa TOKa, Aamwc 
no/io>KeHMfl t npeo6pa30BaTenb cfca3a-KOA, 
BbinpflMMTenb, cfeopMnpoBaTenb wvinynbCHbix 
cumanoB nepeMemeHHfl. B a/ieiaponpuBOAe 
o6ecneMMBaeTCfl noBbiweHHafl AMHaMHHecKaa 
TOHHocTb 3a chgt AsyxKaHa/ibHoro ynpaB/ieHMfl 
no TOKy. rpyooe ynpaBneHne peajiki3yeTCfl c 

nOMOUJblO 06MOTKH C OOJlbliJMM MMCJIOM BHTKOB 

ocHOBHoro AKopfl, a TOMHoe ynpaB/ieHne - c 

nOMOlUbK) 00*MOTKH C (ViaJlblM MMCJIOM BHTKOB 

AononHMTe/ibHoro flKopa riHHei^Horo ABHraTerm. 

10 Wl. 
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(54) ELECTRIC MOTOR DRIVE 

(57) Abstract: 

FIELD: electrical engineering. SUBSTANCE: 
invention refers to line synchronous 
electric motor drives. Drive includes line 
synchronous electric motor having immobile 
part manufactured in the form of magnetic 
circuit with permanent magnets with 
alternating polarity attached to it, mobile 
with two armatures, each having main 
three-phase winding and supplementary 
three-phase winding containing smaller 
number of turns as compared with main one 
and laid in each armature in parallel to 
main winding, two digital-to-analog 
converters, two power amplifiers, two 



ro 
o 
to 

o 

w 



(71) Applicant: 

Khar'kovskij inzhenerno-pedagogicheskij 
institut im.l.Z.Sokolova (UA) 

(72) Inventor: Kuznetsov Boris lvanovich[UA], 
Khudjaev Aleksandr Andreevich[UA], Nekrasov 
Igor 1 Mikhajlovich[UA], Gunja Mikhail 
Arsent'evich[UA], Shevchenko Boris 
Dmitrievich[UA], Pjatak Tat'jana Viktorovna[UA] 

(73) Proprietor: 

Khudjaev Aleksandr Andreevich (UA) 



adders, numerical program control device, 
proportional-integral regulator, voltage 
limiter, inertial link, current-limiting 
unit, functional converter, two current 
regulators, two current pickups, position 
transducer, phase-to-code converter, 
rectifier, former of movement pulse signals. 
Coarse control is realized with the aid of 
winding having bigger number of turns of 
main armature and accurate control is 
performed by means of winding with smaller 
number of turns of supplementary armature of 
line motor. EFFECT: increased precision of 
dynamic control thanks to two-channel 
current control. 10 dwg 
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H3o6peTeHne othochtca k s/ieicrpoTexH m kq m 

MO>KeT 6blTb MCn0Jlb30BaH0 B fipOMblliJJieHHblX 
CMCT6MaX BOCnpOM3B8AeHMJ1 ABHWeHHtf, 

Hanpniviep, Ann Jia3epH0fl pesKvi, CBapKM m 
cGopKM npoT«>KeHHbix U3Aeiwtf, 

M9XaH006pa60TKH TfOKeJlblX 3ar0T0B0K, B 

MacTHocTM b cyflocrpoeHnn, B 

MHCTpyMeHTanbHOM np0H3B0ACTBe. 

UssecTeH aneKTponpuBOA, coAepwaiuMfi 
riHHetfHbifi cnHXpOHHbi^ aneKTpoABMraTenb, c 
noABUKHofi nacTbio KOToporo coeAUHeH 
MHflytaocnH, Bbipa6aTbiBaKxnnrt BbixoAHoe 
HanpflKeHne, nponopi^MOHa/ibHoe ckopoctm 
nepeMemeHMfl noABMWHofl nacTM nnHe&Horo 
a^eKTpoABuraTenfl, KOTopoe noAaeTca Ha bxoa 
aHajioro-i^McfpoBoro npeoopasoBaTenn, c 
BbixoAa KOToporo koa noAaeTca Ha ycTpoflCTOB 
cf)opMnpoBaHMfl ynpaaneHkm nnHetfHbiM 
CMHxpoHHbiM ABuraTeneM. 

OAHaKO n3BecTHbiK aneiaponpuBOA He 
no3BonfleT ooecnenuBaTb BbicoKofl tohhocth 

n03MI4MOHMpOBaHMfl. 

Han6onee otih3kmm no TexHkNecKofl 
cymHoc™ m AOCTuraeMOMy pe3ynbTaiy k 

M306peTeHHIO flBJlfleTCfl SJieKTDOnpMBOA, 

coAepKamnfl nkiHetf Hbitf ci/iHxpoHHbifi ABuraTe/ib 

COBMeCTHO C AaTMHKaMH CKOpOCTM H yCKOpeHHfl 
HOABM)KHO^ H3CTM, 33MKHyTyK) CMCTeMy, 

noAaioiAyio cuma/ibi stmx a^tmukob Ha 
ABuraTe^b, ABa 4kicf)poaHanoroBbix 
npeo6pa30BaTenn Ann cfiopMnpoBaHUH 
cnHycouiAanbHbix cumanoB, noAaBaeMbix Mepes 
ycunnTenn mou^hoctm Ha o6motkh ynpaBneHMH 
ABMraTerifl, npvmeM cuixaxi c BbixoAa 
aKce/iepoMeTpa noAaeTca Ha bxoaw 
aHa/ioro-i^ncfpoBbix npeo6"pa30BaTeneR ( c 
BbixoAa KOTopwx pa3Honoji«pHbie cnmanbi 
noAaiOTCfl Ha BXOAbi AByx cyMMaropoB, BbixoAbi 

KOTOpblX CX)eAMHeHW C BXOAaMM AByx 

L;M0poaHanoroBbix npeo6pa30BaTenefi. 

OAHaKO n3aecTHbi^ aneicrponpuBOA Ha 6a3e 
nnHe^Horo CMHxpoHHoro ABuraTenji He 
no3BorifleT nojiynaTb Tpe6yeMyK> TOHHOCTb, 

O0O6eHHO B AHHaMMHeCKOM pe>KMMe B CBA3H c 

HeAOdaTOMHbiM ycmineM, pa3BMBaeMbiM 
nnHe^HbiM ABuraTeneM. 

L(enbK) M3o6peTeHkifl HBrmeTCH noBbiiueHMe 

AHHaMMMeCKOM TOHHOCTH. 

nocTaBJieHHan t^enb AociwaeTCfl TeM, hto b 
M3BecTHOM aneiaponpMBOAe, coAep>KaiAeM 
riKHeflHbifl CMHxpoHHbjfi ABwraTenb, wiMetoiLjMff 
HenoABUxonyio MacTb, KOTopaa Bbino/iHeHa b 
BHAe MamnTonpoBOAa c 3aKpenneHHbiMH Ha 
HeM nocTORHHbiMn MammaMU c nepeAyioLnetfcfl 
nepeMeHHoK nonapHOCTbio, noABWWHyio MacTb c 
HKopeM, HMeiomuM ocHOBHyKD Tpexo>a3Hyio 
o6MOTKy, ABa i^ncfpoaHanoroBbix 

npeo6pa30BaTenn, ABa cyMMaTopa, ABa 
ycMnmenfl moiahoctm, AononHHTeribHO BBefleHbi 
AKopb c AonojiHHTenbHofi Tpexcpa3HO^ 
o6motkoH, coAepwamefi MeHbiuee hhcjio bhtkob 
no cpaBHeHHK) c Tpexc[)a3HoH o6motkoH 

OCHOBHOrO flKOpfl, yCTpofiCTBO sucnoBoro 

nporpaMMHoro ynpaB/ieHna, 
nponopunoHaiibHO-MHTerpanbHbifl pery/iflTop, 
orpaHMHMTerib HanpaxeHHfl, HHepi^noHHoe 

3B6HO, y3ejl T0K00rpaHMMeHH«, 

c^yHKi^MOHanbHbi^ npeo6pa30BaTejib, ABa 
perynflTopa TOKa, ABa AaTHHKa toio, AaTHMK 
nonoKeHUfl, npeo6pa30BaTeji«b 4>a3a-K0A, 
Bbinp^MMTerib, 0opMnpoBaTerib HMnynbCHbix 
cumajioB nepeMemeHkifl , npuneiw BbixoA 
ycTpoftcTBa HucnoBoro nporpaMMHoro 
ynpaBJieHM« coeAHHeH c bxoaom nepBoro 
L^nc^poaHanoroBoro npeoOpasoBaTenfl, bwxoa 
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KOToporo coeAHHeH c nepBbiM bxoaom nepBoro 
cyMMaropa, bwxoa KOToporo coeAHHeH c 
bxoaom nponopi;noHajibHO-MHTerpanbHoro 
peryjifiTopa, bwxoa KOToporo coeAHHeH c 
nepBbiM bxoaom orpaHUHMTe^n Hanpn>KeHHH, 

BblXOA KOTOpOrO C08AHH6H C BXOAOM 
HHepUMOHHOrO 3BeHa, BblXOA KOToporo coeAMHeH 

c bxoaom ysna TOKOorpaHnneHMfl, bwxoa 
KOToporo coeAHHeH c nepBbiM bxoaom 
cpyHKi^noHaiibHoro npeo6pa30BaTen«, BbixoA 
KOToporo coeAHHeH c nepBbiM bxoaom nepBoro 
peryriflTopa TOKa n nepBbiM bxoaom BToporo 
cyMMaTopa, bwxoa KOToporo coeAHHeH c 
nepBbiM bxoaom BToporo perynflTopa TOKa, 
BbixoA nepBoro m btodoto perynflTopoB TOKa 
coeAHHeHbi cooTBeTCTBeHHO c BXOAaMU nepBoro 
m BToporo ycMnMTenefl moiahoctm, BbixoAW 
KOTopwx npeAHa3HaMeHbi Ann noAKniOMeHUfl 

COOTBeTCTBeHHO K OCH0BHO& H AOnOJlHMTe/lbHO^ 

Tpexo>a3HbiM o6motk3m ABuraTerm m k bxoasm 
nepBoro w BToporo asthmkob tokob, BbixoAbi 

KOTOpblX COeAHHeHbl C BTOpblMH BXOAaMU 

nepBoro n BToporo perynflTopoB TOKa, bnxoa 
nepBoro AaTMUKa toio coeAMHeH TaiOKe c 

BTOpbIM MHBepCHbIM BXOAOM BTOpOrO 

cyMMaTopa, noABM>KHan nacTb AamnKa 
nono>KeHMfl ycTaHOBneHa Ha noABM)KHoCi nacTH 
ABHraTe/ifl, HenoABM>KHafl MacTb aqtmukb 
nono>KeHMfl - Ha HenoABMKHOM nacTM ABuraTerifl, 

BblXOA A3TMHK3 nOflOJKeHM^ COeAHHeH C BTOpbIM 

bxoaom (JyHKi^noHanbHoro npeo6pa30BaTen$i m 
bxoaom npeo6pa30BaTe/ifl 4)a3a-K0A, buxoa 
KOToporo coeAHHeH c bxoaom c^opMnpoBaTejiq 
MMnynbCHbix cumanoB nepeMeiAeHi^fl m bxoaom 
BToporo i4nct)poaHajioroBoro npeo6pa30BaTenp, 

BblXOA KOTOpOrO COeAHHeH C BTOpWM 

MHBepcHbiM bxoaom nepBoro cyMMaTopa m c 
bxoaom BbinpflMMTerifi, BbixoA KOToporo 

COeAHHeH C BTOpbIM BXOAOM OrpaHHMHTe/lfl 

HanpaxeHHJi, bwxoa o>opMMpOBaTenfl 
nMnyribCHbix cumanos nepeMeiAenun coeAHHeH 
c bxoaom ycTDO&CTBa MucnoBoro nporpaMMHoro 
ynpaB/ieHUfl. 

Ha c|wr.1 M3o6paxeHa cxeMa 
npeAnaraeMoro ajieiaponpuBOAa- 

3neKTponpnBOA coAep)KHT ycTportcTBO 1 
MMcnoBoro nporpaMMHoro ynpaBneHna, nepBbiM 
2 m btodo^ 3 L^kio>poaHanoroBbie 
npeo6pa30BaTenii, nepswfi 4 m BTopoi^ 5 
cyMMaTopw, nponopuMOHanbHo-MHTerpanbHbiii 
peryxiflTop 6, orpaHUHMTejib 7 HanpaweHHH, 
HHepi^noHHoe 3B6HO 8, y3en 9 TOKOorpaHnneHMfl, 
4)yHKi4MOHajibHbivi npeo6pa30BaTe/ib 10, nepBbifi 
1 1 n BTopofi 1 2 pery/iflTopu tokob, nepBbifl 1 3 m 
BTopo^ 14 ycHHUTenn mou^hocth, nepBbiM 15 m 

BTOpOM 16 AaTMMKM TOKOB , CMXpOHHbIM TlUHe^HblM 

ABuraTerib 17, a^thhk 18 nonoKeHun, 
npeo6pa30BaTenb o>a3a-KOA 19, BbinpflMMTenb 
20 m o>opMnpoBaTenb 21 MMnynbCHbix curHanoB 
nepeMet^eHMfl. 

SneKTponpuBOA pa6oTaeT cneAyioiAMM 
o6pa30M. 

Yctdo^ctbo 1 peann30BaHO Ha 
MMKponpoL^eccope m coctomt H3 nporpaMMHoro 
3aAaTHHKa nono>KeHMfi, 6noKa oo"pa6oTKM 
MHo>opMaL^Mn m i^ncfjpOBoro perynflTopa 
nono>KeHkm. Oaicrn^ecKoe nono>KeHMe 
noABH)KHO^ nacTH ABHraTena 17, M3MepeHHoe c 
noMou^bK) AaTHkiKa 18, npeo6pa30BaTenfl 19 v\ 
o>opMupoBaTenq 21 , cpa bh m bqqjc^ c saflaHHbiM 
nono>KeHneM, Bbipa6aTbiBaeMbiM nporpaMMHWM 
3aAaTHHKOM, h noAaeTcn b 6jiok i^nc^poBoro 
perynwTopa, b kotopom Bbipa6aTbiBaeTcq koa 

3aAaHMfl Ha CKOpOCTb. CcJ)OpMMpOBaHHbl^ T3KMM 
06pa30M KOA 3aAaHMJ1 Ha CKODOCTb 
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FiepeMemeHHH noAaeTcn Ha bxoa . nepBoro- 
UM0poaHanoroBoro npeo(5pa30BaTenfl 2, Ha 
BbixoA© Koroporo cfcopMHpyeTcn aHanoroBoe 
Hanp^eHHe, nponopi^noHanbHoe BejinnuHe 
sa/jaHHoft cKopocTM nepeMemeHUfl. 
HanpjDKeHMe, nponopi^noHanbHoe 3a#aHHOfi 
CKopocTM nepeMei^eHMfl, nocTynaeT Ha nepBbifi 
bxoa nepBoro cyMMaTopa 4, Ha BTopofl 
MHBepcHbiM bxoa KOToporo noAaeTCH 
Hanpfl>KeHne, nponopi^noHa/ibHoe qtaKTMHecKofi 
CKopocTM nepeiviemeHkifl, H3MepeHHoR AaTHHKOM 
18, npeo6pa30BaTeneM 19 n npeo6pa30BaHHofi 
b aHanoroByio Benmwuy BTopbiM 
UMCfcpoaHanoroBbiM npeo6pa30BaTeneM 3. 
rtonyMeHHan pa3HOdb HanpfUKeHMfi Ha Bbixo^e 
nepBoro cyMMaTopa 4, nponopL^MOHa/ibHan 

pa3HOCTH 3aflaHHOfi H CfcaKTkMeCKOfl CKOpOCTH 

ABH>KeHMJi, noaaeTCfl Ha bxoa perynaTopa 6, 
HBJifliOLnerocH peryxiHTOpoM ckopoctm npuBOfla 
17. C BbixoAa peryn^Topa 6 HanpfweHkie 
noAaeTCfl na nepBbiM bxoa orpaHUMMTenfl 7, Ha 
BTopofl bxoa KOToporo noAaeTca HanpflKeHne c 
BbixoAa BToporo npeo6pa30BaTena 3 nepe3 
BbinpflMMTenb 20. OrpaHHHwenb 7 
orpaHUHUBaeT CKopocTb nepeMemeHHa 
ABuraTe/ifl 17. C BbixoAa orpaHUHMTenn 7 
HanpaweHne nocTynaeT Ha MHepL^noHHoe 3BeHO 
8, Heo6xoAnwioe Ana orpaHkmeHkm M3MeHeHMfl 
TOKa ABuraTena 17. C BbixoAa 3BeHa 8 
HanpwKeHne noAaeTCfl na y3an 9 

TOKOOrpaHMMeHMfl, Heo6XOAHMbl^ ATlfl 

orpaHnneHMfl toio ABuraTejia 17. C BbixoAa 
y3na 9 HanpaweHHe noAaeTca Ha 
0yHiqnoHajibHbifi npeo6pa30BaTenb 10, 

KOTOpblfl COCTOUT H3 CfrOpMHDOBaTenfl 

cnHycoMAanbHbix cpyHKL^fi yma m yMHowHTerifl 
cumanoB, BbixoA KOToporo noAKruoneH k 
nepBOMy BXOAy nepBoro perynaTopa 11 TOKa. 
Oahh M3 bxoaob yMHOKMTena cumajiOB 
noAKnjoneH k BbixoAy nepBoro y3na 9, Apyrofl 
bxoa yMHOKHTenfl noAKnrcneH Mepe3 
cfJopMnpoBaTenb CMHyconAanbHbix qtyHKijMfl 
yma k BbixoAy AaTHHKa 18 nojioweHHH 

ri0ABH>KH0M HaCTM ABUraTeilfl 1 7 OTHOCMTeHbHO 

ero noABM)KHofl nacTM. Ha BbixoAe 
<J>yHiqMOHajibHoro npeo6pa30BaTenfl 10 
cjDopMnpyioTCfl HanpqxeHUfl, HBnaiomnecfl 
CMHyconAa/ibHbiMn 4>yHKm4flMM nonoweHHfl 

noABWKHOfl Mac™ JlklHefiHOrO CHHXpOHHOrO 

ABuraTe/ip 17 OTHOCHTeribHO HenoABH)KHofi. 
AMnriMTyAa stmx HanpflweHwH 
nponopi^HOHajibHa cumany saAaHMH ycunnfl, 
pa3BMBaeMoro ABuraTeneM 1 7 n nocTynaioemro 
c BbixoAa y3Jia 9. B nepBOM peryrmTope 1 1 TOKa 
npno3BOAMTCR cpaBHeHne tokob, npoTeKawt^nx 
b 4>a3ax ABMraTena 17 h U3MepeHHbix nepBbiM 
A3TMHK0M 15 TOKa c CHmanaMH 3aAaHnn tokob. 
npn 3tom penefiHbie ajieivteHTbi c rucTepesncoM, 

HMCJIO KOTOpblX paBHO HUCfiy <$a3 JlkJHe^HOrO 

ABHraTerm 17, npovi3BOAflT BKnioMeHHe w 

OTKJIIOHeHkie COOTCTByiOmMX CHJlOBblX Kjuonefl 

nepBoro ycwiMTenfl 13 molahoctm. B pe3ynbTaTe 
nero tokm b qbasax ABHraTejiH 1 7 cooTBercTByioT 
cumanaM 3aAaHna. 

B 3a bucm MOCTki ot 3Hai<a cuma/ia 3aAaHHH 
ycunm, nocTynarcmero Ha bxoa 
qbyHKquoHanbHoro npeo6pa30BaTenfl 10 
3aAaHMfl aMnnuTyAbi m $a3bi TOKa, cpaza tokob b 
o6MOTKax ABuraTenji MeHflecTfl Ha 180 °. ripn 
otom MeHfleTCH 3H3K ycn/inf?, pasBMBaeMoro 
riMHe^HbiM ABuraTeneM 17. TaKMM o6ap30M, 
nnHe^Hbi^ CMHxpoHHbifl aneKrponpuBOA 
qbyHKUMOHnpyeT KaK o6biHHafl OAHOKaHanbHaa 
cucTeMa ynpaBJieHUA nono)KeHMeM fioabukho^ 
HacTM ABMraTerifl 17. 
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flna noBbiweHHfl ycwiMfi m 6biCTpoAe^CTBHfl, 
Heo6xoAMMbix Ann nepeMemeHna noABkDKHO^ 
nacTM nune^Horo cnHxpoHHoro ABuraTerifl 17 
oco6eHHO b AKHaMnnecKnx pe)KViMax, 
Mcnorib3yeTC5i AonoriHMTenbHwW AKopb b 
noABUKHoi^ nacTM AsruTanefl c 
AonoriHMTenbHbiMM o6MOTKaMM ynpaBneHM«, 

MMeiOlMMMM OTHOCMTe/lbHO Ma/lOe HMCTIO BUTKOB 
M yCJIOBHO 0603HaMeHHblMM BTOpbIM bxoaom 

CMHxpoHHoro riMHe^Horo ABuraTe/in. flnn 
nuTaHMfl 3thx o6motok ncnonb3yeTCH BTopoW 
ycM/iMTenb 14 molahoctm m btopom peryn^Top 12 

TOKa C BTOpbIM AaTHMKOM 16 TOKa. Ha BXOA 

BToporo peryrifiTopa 12 TOKa noAaeTCfl 
saAatoii^ee Hanpa>KeHne c BbixoAa BToporo 
cyMMaTopa 5, paBHoe anre6panMecKofl 
pa3HOCTM Hanp^)KeHnR Ha BbixoAax 
cfyHKi^HOHanbHoro npeo6pa30BaTerifl 10 m 
nepBoro A^THMKa 15 TOKa. 

OaKTMMecKM 3aAaK)iAee Hanpn>KeHMe BToporo 
perynflTopa TOKa cooTBeTCTByeT cuma/iy 
olum6kh, no KOTopoMy pa6oTaioT nepsbifi 
pery/iflTop TOKa m nepBbiM ycunnTenb moiahoctm 
aneiaponpuBOAa. B cuny oonbiuofi 

HHAyKTMBHOCTM O^MOTOK OCHOBHOrO flKOpfl B 

K80KAO& fyaze nnHe^Horo cnHxpoHHoro 
ABMraTena 17 M3MeHeHne TOKa I 1 b hux 

nponcxoAUT AOCTaTOMHO MeAneHHO (qbnr.2), 
OAHaKO 3a chst cpaBHMTenbHO 6biCTporo 
M3MeHeHMfl TOKa t2 b AonoriHMTejibHbix o6MOTKax 

AonoiiHMTenbHoro flKopfl HapacTaHkie 
MarHHTHoro noTOKa npokicxoAMT AocTaTOHHO 
6biCTpo, a cneAOBaTe/ibHO, 6bicTpo M3MeHfleTCfl 
m yckinne, pa3BMBaeMoe jiMHe^HbiM ABuraTeneM 
17. Ilpn 3TOM 3a CMeT HariHHHH nepeKpecTHO^ 
OTpML^aTenbHoW oGpaTHoi^ cb«3h no TOKy I <\ c 

BbixoAa nepBoro AaTHUKa 15 TOKa Ha BTopofl 
MHsepTupyioinn^ bxoa BToporo cyMMaTopa 5 
npoMcxoAMT nepepacnpeA©TieHne 
HH3KonacTOTHbix cocTaBHfliomMX 3aAaHHoro 
3HaHeHMfl TOKa TaKMM o6pa30M, hto no 
0K0HH3HMM nepexoAHoro npoi^ecca b ochobhoW 
oSMOTKe jiMHei^Horo cnHxpoHHoro ABMraTenfl 1 7 
Tpe6yeMoe 3HaneHkie TOKa 0Tpa6aTbiBaeT 
nepBbiM perynflTOp 11 TOKa, TeM caMbiM 
B03Bpaina« 3HaneHMe TOKa b AonoriHUTenbHO^ 

06MOTKe, M3NiepfleMOe BTOpbIM AaTHUKOM 16 

TOKa, k Hynio (cJ)Mr.2). 

B pe3ynbTaTe OTpaboTKa 3aAaioiAero 
HanpyiKeHMfl Ha BbixoAe cfyHKi^noHanbHoro 
npeo6pa30BaTenn 10 ocyi^ecTBJifleTCfl KaK 6bi 
nocneAOBaTeiibHbiMM npn6nn>KeHMflMH 
(uTepai^nflMM), OAHOBpeiweHHO pea/iM3yeMbiMH 
cooTBeTCTByioiMMMH KaHanaMM KOHTypa TOKa 
sneiaponpuBOAa. 3a chot 3Toro b 
oneiaponpuBOAe mo>kho peann30BaTb 6onee 
BbicoKoe 6bicTpoAeflcTBkie KOHTypa TOKa 6e3 
noflBneHUB "napasMTHoro" acuHxpoHHoro 
MOMeHTa ABuraTerifl. 3to AocTuraeTCfl 
HaAneKau^MM BbioopoM napawieTpoB 
perynnTopoB ckopoctm m nono>KeHHfl n 
no3BOJineT o6ecneMMTb pacujupeHne nonocw 
nponycKaHMfl npMBOAa, a cneAOBaTenbHO, 
noBbicnTb ero AMHaMMMecKyjo TOHHocrb. 

HecMOTpn na noBbiuueHne 6bicTpoAeKcTBMfl 
npusoAa cnHxpoHHan MaujMHa M36aBneHa ot 
BHyTpeHHUX nepeKpecTHbix CBfl3eR, 
Bbi3biBaeMbix nopBfieHneM "napaswTHoro" 
acMHxpoHHoro MOMeHTa, m ciieAOBaTeiibHO, b 
npuBOAe mokot ncnorib30BaTbcn aoct3tomho 
npocTaa m HaAe>KHaa CTpyiapa cucTeMbi 
noAHkiHeHHoro perynnpoBaHHw Ka>KAbiM PKopeM. 

TaKMM o6pa30M, o6ecneHHBaeTCfl BbicoKoe 
6biCTpoAe^cTBne, o6ycnoBneHHoe Manoi^ 

MHAyKTMBHOCTblO AOnO/lHMTeJlbHOil 06MOTKM, npM 
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BbicoKOM ypoBHe MamnTHoro- noTOKB, 
co3flaBaeMoro ochobhoA o6motko8 c 6onbWkiM 

HMCHOM BMTKOB. ECTeCTB8HH0, HTO C})OpCHpOBKy 

npOTeKaHMfl npoqecca HapaoraHMfl TOKa b 

OCHOBHOfl 06MOTK6 MO)KHO 6blJ10 6bl B 

onpeAe/ieHHoK cTeneHM o6ecneMMTb 
noBbiLiieHneM HanpflweHkm npeo6pa30BaTerm 
nepBoro ycunnTeriR 13 moiahocth, oahbko sto 
noTpe6oBano 6bi cymecTBeHHoro ysennMeHun 
cyMMapHoft ycTaHO&neHHOM moiahocth 
npeo6pa30BaTenetf, nviTaioiAHX jiHHeflHbiR 
flBMraienb. 

3aMeTMM, HTO TaK KaK BblCOKOHaCTOTHafl 

cocTaBnwjou^afl Tpe6yeMoro 3HaneHHfl 
MarHMTHoro noTOKa o6biHHo He3HaHkiTenbHa no 
cpaBHetnuKD c Tpe6yeMbiM noTOKOM, to bo 
BTopOM ycuriMTene 14 moiahocth moxho 
ncnonb30BaTb npeo6pa30BaTenb c 

yCTaHOBJieHHO^ MOlAHOCTblO, COCTaBJlfllOLHefi 

oKono 25% moiahocth npeo6pa30BaTerm 
nepBoro ycunnTerm 13 moiahocth. ripn stom 3a 
CMeT npeAnaraewioro ycTpoflcTBa yAaeTCH 
pacujupMTb nonocy nponycKaHHH 
aneiaponpuBOfla Ha nopflAOK m 6onee. 

PaccMOTpMM ynpomeHHyio cxeiwy 
cnHXpOHHoro nnHeCiHoro flsnraTenfl (CJlfl). 

B nnHe^Hbix ABuraTeriflx HeT 3aTpaT SHeprvin 
Ha Bpau^eHne poTopa, oTcyTCTByroT 
KMHeMaTMHecKne sseHbfl npeo6pa30BaHMfl 
Bpai^aTenbHoro ABHweHHfl b nocTynaTexibHoe. 
(looTOMy ohm o6ecneHHBaK>T 6onee 
pai4MOHanbHoe ynpaBneHne no cpaBHeHHio c 
ABHraTeriflMn noBopoTHoro Tuna. 3a cneT 
npuMeneHUA aapocTaTMHecKMx onop, xecTKO 

CB513aHHblX C nOABM>KHO« M3CTbK) ABHraTe/lfl M 

co3AaK)u^kix BosAyniHyio noAynjKy To/iujkiHOft 
10. ..20 mkm, 3aTpaTbi 3Heprnn Ha npeoAoneHne 
chji TpeHMP b npoijecce nepeMeLAeHHfl CBeAeHbi 
npaKTHMecioi k Hynio. C noMoiAbio 
perynnpyeMbix aopocraTHHecKHX onop 
BbicTaB/ineTCfl B03AywHbifi aa3op ABuraTenn. 

YnpomeHHafl cxeMa ABy)CbflKopHoro 
cnHxpoHHoro nnHefiHoro ABMraTerm noKa3aHa Ha 
<J>nr. 3. TaKofl aneKTpoABuraTerib c 
B036y>KAeHneM ot nocTOAHHbix 

BblCOKOGpi^HTHBHblX MafHHTOB CJiyKMT OfoeKTOM 

ynpaBneHMfl paccMaTpnBaeMoro 
3/ieicTponpnBOAa c AByx Ka nan bH w m KOHTypoM 
TOKa (cm. c{)nr.1). 

HenoABM)KHafl nacTb Cfifl flBnaeTCfl 
MHAyKTopoM n coctoht M3 MarHHTonpoBOAa 22, 
Ha KOTopufl b Asa PROa HaicneeHbi nocToaHHbie 
MarHMTbi 23 H3 caMapkii*-Ko6anbTOBoro cnnaBa c 
HepeAyJou^e^cfl nepeMeHHOfi nonapHOCTbio. 
1/lHTepBan a =3. ..6 mm MewAy MamnTaMM 23 m 
paccTOAHne L Me>KAy wx i^eHTpaMM HBJinioTCfl 
nocTOWHHbiMM napaMeTpaMH HHAyKTopa m 

OnpeAeJlJIIOTCfl KOHCTpyKTHBHblMH 

oco6eHHOCT«MM noABHWHon nacTM ABuraTenw, b 
nacTHOc™ era hkoph. HenoABH)KHafl nacTb 
wecTKO 3aKpenneHa Ha rpaHHTHofl 
HanpaB/iflioiAeW 24. flnn HCKntoHeHHA TpeHHfl 
npMMeHflioTCfl perynnpyeMbie aapooraTHMecKHe 
onopbi, npn noMou^n KOTopux BbicTaanaeTCH 
B03AyiiiHbiM 3a3op ABkiraTe/ieM 8=0, 5... 0,7 mm. 

noABM)KHa« nacTb CJlfl npeACTaBrmeT co6oC1 
Kopnyc 25, k KOTopoMy KpenflTcn «Kopn 26 m 27 

COOTBeTCTBeHHO C OCHOBHOfl 28 H 

AononHMTenbHoi^ 29 oSMOTKaMn ynpaB^eHMfl, 
noABkixcHbie nacTM asthmkob nono>KeHHfl n 
CKopocTki, ecjin Tarofi npviMeHReTCfl OTAe/ibHO. 

KOHCTpyKTMBHO flKOpM 26 M 27 BbinOJlHeHbl 

aHanornMHo m coctoat M3 naKeTOB cioieeHHbix 
nucTOB aneicTpoTexHUMecKoi^ CTann, b na3bi 
KOTOpbix y/io>KeHbi Tpexc()a3Hbie o6motkm 28 m 
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29 ynpaBTieHUfl, 3aicpbiTbie SKpaHaMM. Mucno 
nasoB b Ka>KAOM HKOpe Z=24, mmctio nap 
norirocoa 2p Ha cpa3y 4. Hrapn 28 n 29 
pa3AeneHbi Me>KAy co6oB M3on«TopoM 30 An« 
yMeHbiueHUfl B3au mob/ink iolxjmx 

OJIGKTpOMarHMTHblX HBBOAOK. 

flaTHMK nono>KeHHfl npeACTaBnweT co6o« Tpn 
npeo6pa30BaTenn Xonna, nocneAOBaTenbHO 
pacnono>KeHHbie Ha cTe kji 0Te kctoji m to bo 
nnaTe Ha paccTO^Hnn 1/3 noniocHoro AefieHUfl 

Me?KAy co6o^. 

B Ka^ecTBe oAHoro M3 sapnaHToa b 
aneicrponpuBOAe mok©t GbiTb ncnonb30BaH 
caMOCTOWTeribHbiK 6ecKOHTaKTHbitf asthhk 
ckopocth (nnHe^Hbi^ TaxoreHepaTop), 
npeACTaBrm»0Lnvi& co6o^, HanpMMep, 
LuecTnct)a3HbiW cnHxpoHHbiC^ reHepaTOp c 
TpaneqenAanbHoR c{)opMoR 3flC, BenuMMHa 
KOTOpoK nponopi^MOHanbHa nnHe^Hoi^ ckopoctm 
nepeMemeHMfl noABM>KHOM nacn CJlfl. 

Ann noBbiweHMH TflroBwx xapaKrepwcTHK h 
COOTBeTCTBeHHO moiahocth jiMHe^Horo 
ABuraTerifl b Ka>KAOM HKope 26 m 27 yno)KneHO 
no ABa MAeHTkNHbix Apyr Apyry napannenbHo 
coeAUHGHHbix naKeTa Tpexc{)a3Hbix o6motok 28 m 
29 ynpaBJieHMfl. Ka)KAbiW naKeT B036y)KAaeTCfl 

MarHMTHblMH nOTOKaMM, C03A3BaeMb)MM 
COOTBeTCTByHDlAHMH p^AaMM nOCTOflHHblX 

MamviCTOB 23. 

Me>KAy pHAaMU MamnTOB 23 (Ha cj)nr.3 
BMAeH TonbKO oahh p«a) MOKeT 6biTb npoxioweH 
TennooTBOA«LMnK cnofl nnn Tennoo6MeHHMK. 
OTpe3KaMM nyHKTupHbix xinHkiW co CTpenxaMM 
noKa3aHO HanpaBneHne MamnTHbix cunoBbix 
jiuhmW (cm. o>nr.4). 

OcHOBHbie o6motkm 28 ynpaB/ieHua c 
6o^biuMM HMcnoM bmtkob noAKntoneHbi k 
nepBOMy KaHany AByxKaHanbHoro KOHTypa Toxa 
anexTponpuBOAa. Tok b o6MOTKax 28 
perynnpyeTCfl perynjiTopoM 11 TOKa n 
ycunnTeneM 13 moimhoctm. flononHHTenbHbie 
o6motkm 29 ynpaBneHUfl oTHOCMTeribHO ManbiM 
MMcnoM butkob noAKJiK)MeHbi k BTopoMy KaHany 
AByxKaHanbHoro KOHTypa Toxa. Tok b o6MOTKax 
29 pery/inpyeTCfl peryjiHTopoM 12 TOKa m 
ycuriMTeneM 14 moimhoctm. 

PerynflTopbi TOKa npeACTaB/iflioT co6ofl 

KOM My T3TOpbl C nOJ10)KV1TeJlbHO^ o6paTHOfl 

CB^3bK), my6MHa kotopo^ onpeAenneT 
BennMUHy npeAe/ioB CTa6nnn3ai^nn TOKa, a 
cunoBbie KntoMn Ha BbixoAe ycunnTeneK 
moiahocth - TpaHsncTopHbie MOAy/in (no ABa 
MOAy/ifl Ha oAHy o>a3y), nacTOTa nepeicnioHeHMn 

KOTOpUX CUHXpOHMSMpOBaHa C OCHOBHOfi 

nacTOTO^ reHepaTopa, a caMO nepeKnioneHne 
ocymecTBJiaeTCfl no pe3ynbTaTaM cpaBHeHM^ 
cumajioB 3aAaHna tokob m cumanoB ochobhoC^ 
o6paTHofi CBA3H no TOKy b Ka>KAOM KaHane 
ynpaB^eHMfl. <t>yHiqMOHanbHbi« 
npeo6pa30BaTenb 10, cBfl3aHHbifi c astmhkom 18 
TeKymero nonoweHMfl 3aAaeT pacnpeAeneHMe 
tokob b o6MOTKax ynpaBneHMn no c|)a3aM CJlfl 
(cM.o>nr.3) TaKMM o6pa30M, hto pa3BMBaeMoe 
ABuraTeneM ycunne MaKCMManbHO. B 
paccMaTpMBaeMOM cmhxpohhom ni/iHef^HOM 
npuBOAe c nacTOTHO-TOKOBbiM ynpaBneHneM 

K034)C|3ML\MGHT MOIAHOCTH COS 9=1 . 

TaK KaK ycTaHoaneHHafl MoiAHOCTb 
AononHMTejibHoro KaHaxia KOHTypa TOKa 
cocTaBJiaeT okoho 25% ycTaHoaneHHoR 
moiahocth ocHOBHoro KaHana, to 

COOTBeTCTBeHHO yMeHbUJaeTCfl M MHAyKTMBHOCTb 

oGmotkm 29 ynpaBneHHfl AonoriHMTeribHoro 

flKOpn no CpaBHeHHK) C HHAyKTMBHOCTbK) 
OCHOBHblX 06MOTOK 28. yHMTblBafl, HTO A™ 
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nnHe^Hbix MaujuH curia taih F T «npnMepHo 
nponopi^noHanbHa KBaflpaiy MHflyiquyi (nnn 
raaflpaTy MMcna bmtkob w), nonyMaeM 
cneflyjomyio 3aBMCMMCOTb. Ecnn o6MOTKaM 28 
Kaxcqoi^ cj)a3b! KSDKAoro naxeTa ochobhopo hkoph 

COOTBeTCTByeT 400 BMTKOB, TO flOno/lHUTeJlbHblM 

o6motk3m 29 KSUKftofl 0>a3bi - 200 bmtkob 
npoBOAHMKa. flpn stom cooTHOLueHne cun 
F ^F2j *4. Torfla ocHOBHbie o6motkh 28 Ka>KflOM 
$a3bi nepBoro KaHana npeACTaBnaioT cooon" 
MeTbipe nocneAOBaTe/ibHO coeflUHeHHbie 
KaTyiiiKM no 100 bmtkob b Ka>KAOM, a 
AononHMTenbHbie oomotkm 29 Ka>KAoH cpa3bi 
BToporo KaHana - neTbipe nocneAOBaTenbHO 
coeflMHeHHbie KaiyuiKH no 50 bmtkob 8 KaxflOM. 
AKTMBHan nacTb BMTKa o6bNHO He npeBbiiuaeT 
30-50% ero o6\i\en /yiMHbi. 

nyHKTMpHblMH 3aMKHyTblMH JlMHUflMM CO 

CTpe/iKaMM Ha $Mr.3 rpacfMMecKM noKa3aHO 
HanpaB/ieHMe MamnTHbix CMnoBbix nMHMfl nona, 
co3flaBaeMoro nocTOHHHbiMM MamnTaMM, a 

Cn/lOUJHblMM 3aMKHyTblMM nMHMHMM CO 

CTpenKaMM - HanpaBfieHne 3neKTpoABM>Kymefl 

CMJlbl (CM/lbl TWrM), B03HMKaiOl4eft B 

cooTBeTCTByioinMX ct>a3ax, Hanpniwep A«| m A 2 , 

oomotok ynpaBneHMW HKopefl 26 n 27 CJlfl. 
CTpenKaMM noKa3aHO Taiwe ycnoBHoe 
HanpaaneHMe abmwchmh TOKa b ooMOTKax 28 m 
29 ynpaBneHMfl. 

B paCCMSTpMBaeMOM AByX^flKOpHOM 

nMHeflHOM ABuraTene (Jlfl) Beicropbi none3Hbix 

M - CKnaAblBaiOTCfl, MTO npMBOAMT K 
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nponopt^MOHanbHOMy yBenuneHMio 

pe3ynbTMpyioine^ CMnw Twrn - . Ochobhom" 

w 

scfxfceKT ot AByxKaHanbHoro ynpaBneHMfl m 
25-npoi4eHTHoro KOHCTpyKTMBHoro yBenMMeHMfl 
mol4hoctm ABMraTenfl MMeeT MecTo b 
nepexoAHbix pexuMax 3a cneT 3cf)o>eKTMBHoro 
nepepacnpeAeneHMfl Me>Kfly KaHanaMM 
ynpaBneHMfl 6ucTp0AeficTBMfl m ycwnMA 
F=F 1+F2, co3AaBaeMoro OTflenbHbiMM wecTKO 
cBflsaHHbiMM Me>KAy cooom* McnonHMTenbHbiMM 

yCTpO^CTBaMM. npM 3TOM 3a CHeT nOBblLLieHMfl 

6biCTpoAei^cTBMfl KOHTypa TOKa coKpau^aeTCfl 
Heo6xoAMMoe BpeMs MaKCMManbHOM 
0opcMpoBKM no Toxy Ana ocHOBHoro KaHana, 
o6ecneHMBaioi4e^ bwxoa Jlfl na 3aAaHHyK) 

CKOpOCTb, HTO nOBblLliaeT HaA©>KHOCTb M cpoK 

cny>K6bi ABMraTena. 

noA ocHOBHbiM KaHanoM ynpaaneHMfi 
KOHTypa TOKa noHMMaioT coBoicynHOCTb m 
c|)yHKi4MOHanbHoe B3a m m oas m ct b m e cneAyioiAMX 
snewieHTOB sneiaponpMBOAa: nepBoro 
peryn«Topa 11 TOKa, nepBoro ycMnMTena 13 
MOU4HOCTM, nepBoro AaTHMKa 15 TOKa m 

OCHOBHOrO HKOpfl B nOflBM>KHOtf H3CTM Jlfl 

(nepBbifl bxoa CJlfl 17), a noA AononHMTenbHbiM 
KaHanoM ynpaBneHMfl KOHTypa TOKa - 
coBOKynHOCTb m 6>yHiqMOHanbHoe 
B3anMOAefiCTBMe BToporo cyivuviaTopa 5, BToporo 
peryn^Topa 12 TOKa, BToporo ycMnMTena 14 

M014HOCTM, BTODOrO ASTHMKa 16 TOKa M 

AononHMTenbHoro HKopq b noABMWHOfl nacTM Jlfl 

(BTODOfl bxoa CJlfl 1 7). 

CoBpeMeHHaj? sneiweHTHafl 6a3a no3Bon«eT 
cosAaBaTb BbicoKOKanecTBeHHbie CMCTeMbi 
ynpaBneHMfl npMBOAaMM, cnoco6Hbie b 
nMHe^HOM Anana30He M3MeHeHMfl 
K03c()4)MUMeHTOB ycMneHMfl cunoBbix i^enefl 
OTpa6aTbiBaTb 3HannTenbHbie "cKaHKM" saAaHMfl 
Ha BenMHMHy TOKa b o6MOTKax ynpaBneHMfl Jlfl. 

COOTBeTCTByK)U4Me J1A MMeiOT BblCOKyiO 

KpaTKOBpeMeHHyio neperpy30HHyK) cnocoGHOCTb 
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(AecflTMKpaTHyio m 6onee). 

npMiwep, nosBonfliomMM* c tohkm 3peHM« 
pasBMBaevibix yam mm b nepexoAHbix pexMMax 
oi^eHMTb 3c|)cpeKTM BHocTb paccMaTpMBaeivioro 
oneiaponpMBOAa c AByxKaHanbHbiM 

6 MTepai^MOHHblM KOHTypOM TOKa no CpaBH6HMK) c 

OAHOKaHaJIbHblM sneKTponpMBOAOM. flOA 

K03Cf)C|)ML4MeHTOM C^OpCMDOBKM no TOKy 

K j ycnoBHO noHMMaioT KOHcrpyKTMBHO 3aAaHHyio 

neperpy30HHyjo cnoco6HOCTb cMHxpoHHoro 
10 nMHeMHoro npMBOAa, onpeAenweMyio KaK 
K r F *of/ F HOM. r A Q f hom - HOMMHanbHaR CMna 
TflrM C/1A; F - cuna T«rM CJTfl b 

Cf)OpCMpOBaHHOM pe)KMMe, COOTBeTCTByiOLUeM 

nepexoAHOMy npotjeccy HapacTaHMfl TOKa b 
o6MOTKax ynpaBneHMfl npM Tpe6yeMOM 
cxaHKOo6pa3HOM M3MeHeHMM 3aAatou{ero 
B03Aei^cTBMfl. TorAa b KanecTBe npeAeibHoro 
3HaneHM« K nonyMMM 

1 max 

MaKCMManbHaw CMna T^rvi CJlfl, 
2Q cooTBeTCTByiomaji MaKCMManbHo AonycTMMoiwy 
HapacTaHMK) TOKa ynpaBneHMH b nepexoAHbix 
pe)KMMax. 

riyCTb B npeL^M3MOHHOM nMHeMHOM 
OneKTponpMBOAe C BblCOKOt^ AOOpOTHOCTbK), HO 

OAHOKananbHbiM KOHTypoM TOKa F M0M = 200 H 

25 M Kj m ax = 10- npM MSKCMManbHOM HapaCT3HMM 

TOKa b AKopHofl i^enM cMnbi Tarn c yneTOM (1) 
MMeewi 

F ma x=F HOM Kj max =200-1 0=2000 H (2) 
Ana nMHefiHoro aneiaponpMBOAa c 
& AByxKaHanbHbiM KOHTypoM TOKa npMMeM Fi H0M = 
= F H0M = 200 H, F 2h om= 0,25 F MOM = 200-0,25= 
=50 H, Kn max = K2jmax = Kimax = 10. r A© 
' 1hom» Klimax M F 2h om. K^max " HOMMHanbHafl 

CMna TflrM CJlfl m npeAenbHbiK KO300Mi^MeHT 
35 cpopcMpoBKM no TOKy, cosAaBaeMbie 
cooTBeTCTBeHHO ochobhwivi m AononHMTenbHbiM 
KaHanaMM KOHTypa TOKa, OTKyAa 

Fimax=FiHOM'Ki imax =200-10=2000 H, 
F2max=F2Ho M K2irnax=50-1 0=500 H, M A™ 

pe3ynbTnpyioLnefl Tan/i AByxKaHanbHoro 
npMBOfla nonynaeM 

F||max= F 1max + F2max= 2000 +500= 

= 2500 H (3) 

CpaBHeHMe nonyneHHUx 3HaHeHMfl (2) m (3) 
MaKCMManbHoW CMnbi T^rvi no3Bon?ieT cAenaTb 

45 BblBOA O B03MO)KHOCTM yMeHbliJeHMfl B 

AByxKaHanbHOM npMBOA© npeAenbHbix 

K03Cf)C})ML^MeHTOB $ODCMpOBKM no TOKy KaHanOB 
Klimax, K 2ma xHa 20%, T.e. 

K*1 jmax = K*2max = 0 .6 Kj max =8 , 
F*iimax= 200-8+50-8= 2000 H, MnM 

B03MO)KHOCTM CHM)KeHMfl COCTaBnfllOlAMX 

HOMMHanbHOM CMnbi Tfln/i CJlfl, co3AaBaeMbix 
ocHOBHbiM m AononHMTenbHbiM KaHanaMM, Ha 
20%, T.e. 

F*1hom= 0,8 F 1HOM = 160 H,F*2hom= 0,8 x 
XF 2hom= 40 H, F**n max = 16010 + 40-10= =2000 
H. 

H3 nonyneHHbix b paccMaTpMBaeMOM 
npMMepe pe3ynbTaTOB no ycunM^M, 
pasBMBaeMbiM CJlfl b nepexoAHbix peKMMax 
so sneKTponpMBOAa c OAHOKaHanbHbiM F max m 
AByxKaHanbHbiM Fn max (F*n max MnM F**n max ) 

KOHTypoM TOKa, cneAyeT, hto paccMaTpMBaeMoe 
ycTpoi^cTBO no3Bon^eT: npM 3aAaHHbix 
npeAenbHbix Koscfx+JML^MeHTax cpopcMpoBOK no 
TOKy noBbiCMTb MOiAHocTb CJlfl Ha 25%, hto 
ynyniuaeT npMeMMCTOCTb ABMraTena, a 
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Ha 



CMJlOBbie 



npenMyu^ecTBOM 
aneicrponpuBOAa 



cneAOBaTenbHO, ero pyinaMmecKHe 
xapaKTepucTMKH, win npn coxpaHeHMM b 
AByxKaHanbHOM npuBOfle Tpe6yeM0fi moi^hoctm 
oAHOKaHanbHoro CHM3MTb ycTaHOB/ieHHyK) 
MoiMHOCTb npeo6pa30BaTenefl ocHOBHoro n 
AonoriHMTenbHoro KaHanoB Ha 20%, hto 
yiweHbujaeT Harpy3Ky 

TpaHSMCTOpHbie KTIIOHM. 

flpyruM Ba>KHbiM 
npeftnaraeMoro ycTpoflcTBa 
flanaeTCH to, hto KOHcrpyKTHBHoe cHMKeHne 
mohhocth flonoriHMTenbHoro KaHa/ia KOHTypa 
TOKa no cpaBHeHMio c ochobhum nossonaeT 
cymecTBeHHO nosbicnTb ero 6ucTpoAeficTBwe, 
hto aa cneT npuiMeHeHMfl MTepaijMOHHofl 
CTpyicrypbi KOHTypa TOKa nosBonaeT noBbicnTb 
GbicTpoAe^CTBue Bcero nnHeflHoro 
aneKTponpuBOAa, a cneAOBaTenbHO, ero 

AMHaMMHeCKyfO TOHHOCTb. 

Ol^eHMTb SCfccfeeKTWBHOCTb noBbiiueHvm 

6bicTpoAeftcTBkifl KOHTypa TOKa aneicrponpMBOAa 
3a cneT BBeAeHMfl AononHHTenbHoro KaHana no 
TOKy n nepeKpecmofl oTpHLjaTenbHOfi oopaTHotf 
CBA3M no3BonflioT pe3ynbTaTbi MOAe/inpoBaHMfl 
nepexoAHbix npoL^eccoB b cucTeMe. 

MoAennpoBaHne nepexoAHbix npoueccoB b 
paccMaTpMBaeMOM cucTeMe npoBOA^nocb no 
cxeMe, noKaaaHHO^ Ha cfcnr.5. Ha cxeMe 
BbiAeneHbi <£opMnpoBaTenn TOKa cwiOBoro 
ocHOBHoro (OT c ) m yTOHHHioinero 

AononHHTe/ibHoro (<J>T T ) KaHanos h noKa3aHbi 
sneicrpoMexaHHHecKvie npeo6pa30BaTeni/i (K,-) 
n Apyrne aneivieHTbi KOHTypa ckopocth 
nuHeflHoro 3/ieKTponpnBOAa. nocTOHHHbie 
BpeiweHU KaHanoB m aneKTpoMexaHkiHecKMX 
npeo6pa30BaTenefl 3aAaHbi cooTBeTCTBeHHO 
T ^=0,25 T TC m Kft=0,25 K fc . 

MoAennpoBaHkie npoBOAwiocb Ha nn 3BM 
no BeKTOpHo-MaTpMHHOMy ynpaBneHWO Tuna 

2 W = (t)+B 5 (t), (4) rAe A m B MaTpnuu 

cocroflHUj? m ynpaBneHMfl; 

Zj(t) m Uj(t) - nepeivteHHbie coctohhhr m 
ynpaBJieHUfl. 

OchobhoH qe/ibio MOAennpoBaHH« 6wno 
onpeAeneHMe BpeMeHHbix cooTHOweHMPi tokob m 
ycHnkifl b cunoBOM m tohhom KaHanax <J>T h 

BJlUflHUfl MX Ha BblXOAHyK) CKOpOCTb B o6LneM 
KOHType CKOpOCTM. 

Ha cxeivie npwHHTbi o6o3HaHeHM«: 

U3v(t) - CMman 3aAaHMfl ckopoctm; 

U3r(t) - cuman 3aAaHkm TOKa; 

Un(t) - cuman oujm6km b KOHType tokb; 

i c (t), i T (t) -tokm cunoBoro m yTOHHaromero 
KaHanoB <t>T; 

F c (t), F T (t), (t) - ycunun, paaBMBaeMoe b 
aBTOHOMHbix KaHanax m cyMMapHbie; 

F CT (t) - CKopocTb Ha BbixoAe KOHTypa; 

V^(t)- CKopocTb Ha BbixoAe KOHTypa; 

Kpc(P) - pery/iflTop ckopoctm; 

K^r - AonojiHUTenbHbifl ycunMTerib; 

Kfrc KjjT - Koaq^cpuqneHTbi ycn/ieHUfl KaHanoB 

<DT; 

T TC , Jjj - nocTOflHHbie BpeMGHn KaHanoB <PT; 

Kfc Kpr - KoacfjcpML^neHTbj 

3/ieKTpOMexaHHHecKoro npeoopa30BaHHfl b 
nnHefiHOM ABuraTene; 

m - Macca, nepeMemaeMaa coBMecTHO c 
Harpy3Kofl. 

HacTpotiKa KOHTypoB npoBOAnriacb no 
MOAynbHOMy KpnTepnto. finn MOAennpoBaHMfi 
6binn npMHATbi 3HaneHMfl napaMeTpoB: 

T TC =0,02 c; Kvrc=25 cf 1 ; K TC =1; K FC =2; 
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1^=0,005 c; Krr^lOO c" 1 ; ^=1; 
Kft=0,5; Kp C =18; K*i=4; m=1. (5) 
BHanajie 6binn ncnonb30BaHbi 

c|)opMMpoBaTerin TOKa (4>T), Ka>KAbifl b CBoeM 

aBTOHOMHOM pe)KHMe, 3aTeM B COBMeCTHOM, 
MTepai4MOHHOM. 

MaTpni^bi cocTOHHMH ynpaaneHUfl An« stux 
pe>KHMOB paBHbi: Ann aBTOHOMHoro cunoBoro 
KaHana 



Aitc = 



29,0 
0 
0 



;(6) 



00,5-25 0 
5 -50,5 0 
0 2000 -1000 



Bitc = 



B 



2T 



Ann aBTOHOMHoro yroHHAKUAero KaHana 
Aitt = 20 0 -100 0 

0 -200 0 

0 500 -1000 

Bitt= ;(7) 

0 
0 

Ana coBMecTHoro MHepi^MOHHoro pe)KMMa 

A 2T = 0 -25 0 0 0 

50-50 0 0 0 

0, -400 0 -100 0 
0 2000 -1000 -200 0 
0 2000 0 500 -1000 

250 ;(8) 
0 

40 
0 
0 

rpaqbkiKH pacnpeAeneHua tokob b KaHanax b 
3aBncnM0CTH ot pe)KMMa, noKa3aHbi Ha cpnr.6. 
Ha rpaq^MKe npMHATbi o6o3HaHeHvw: 

iic. Ht - T0KM cunoBoro n yTOHHfiioiAero 
KaHanoB b aBTOHOMHbix pe>KMMax; 

'2c '2t - TOKM cunoBoro m yTOMHflioiAero 
KaHanoB b cobmgcthom, MTepai^MOHHOM pewnivie. 

H3 rpa0MKOB bhaho, hto npn npuHATbix 
napaMeTpax, tokh b cmjiobom KaHane 
npaicrnHecKM He 33bhcjit ot pe>KMMa pa6oTu. 
nepeperynnpoBaHkie ct k ^5% \a Bpeivifl nepBoro 

comacoBaHUfl t icc=0,1 c. flna yTOHHaioiAero 
KaHana b 3btohomhom pettkiMe a 1r =% , 
t i CT =0,25 c, a b MTepai^HOHHOM pe>KHMe tok b 
yTOHHflK>meM KaHane 3HannTenbH0 B03pacTaeT 
AO i2Tmax = 3.6 3a BpeMfl t max =0,024 c (Ha cfwr.6 
rpac})MK \2r npoHopwinpoBaH no 3T0fl BennnuHe) 
3aTeM 6bicTpo cnaAaeT m no cpopMe 
npaKTunecKM coBnaAaeT c npon3BOAHOM ot TOKa 
b cunoBOM Kanane, r.e. Ae^CTByeT b KOHType 
KaK ct)opcnpyfoiAMM 4)nnbTp. 

Ha rpacfcuKax (J)nr.7 noKa3aHbi M3MeHeHnn 
ycwnkitf, pa3BnsaeMbix nnHePiHbiM ABuraTeneM b 
aBTOHOMHbix m MTepai^noHHbix pexnwax. Ha 
rpaq^MKe npMHflTbi o6o3HaHeHM«: 

F ic f 1t - ycunun, pa3BMBaeMbie ABMraTeneM 
b aBTOHOMHOM BKnioHeHUM <PT C n OT T ; 

F 2c. f 2t - ycunnfl KaHanoB npn 

UTepai^MOHHOM BKnioneHMn; 

F^- cyMMapHoe ycunne nnHei^Horo 
ABuraTenn. 

M3 rpaqbuKOB bmaho, hto yTOHH^iomn^ KaHan 

B COOTBeTCTBHH C npUHflTblMM 0603HaHeHMflMM 

napaMeTpoB b 3btohomhom pe>KviMe b neTbipe 
pa3a 6onee 6bicTpoAe^cTByf0L^M^, ho m b 
neTbipe pasa Menee MOLAHbi^. B viTepaui/iOHHOM 
pe>KMMe sa cneT AocraTOHHO KpaTKOBpeMeHHoro 
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ycunna yTOMH9K5u^ero * KaHana * 
(Kpneafl F 2t) cyMiwapHoe ycn/ine ABurare/in 
(KpuBaH F^) HapadaeT 3HaMMTe/ibH0 Gbicrpee m 
nonyMaeT Aawe nepeperynnpoBaHne o S1Q%. 

Ann pacneTa nepexoAHbix npoi^eccoB b 

KOHType CKOpOCTM npn MCnOJlbSOBaHUM 
OAHOKOHTypHOro 0Tj M COOTBeTCTBeHHO 

AByxKOHtypHoro MHTepanaoHHoro OT2 MaTpni^w 



Aic 




00- 


-Z5 0 


; Bic = 


150 


;(9) 






5 ■ 


-50 0 




0 








0 


Z 0 




0 




A2C 




0 


-25 0 0 


0 ■ 


-450 0 




50 -50 


0 


0 


0 






0 


-40 


0 - 


100 


-720 






0 


0 


200 - 


200 


0 






0 


2 


0 


500 


0 


B 2 c = 


750 0 


(10) 
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TpaCfMKM TOKOB OT, HOpMUpOBaHHblX no 
CBOHM M3KCHManbHblM 3HaHeHklflM, A/lfl 3THX 

pexuMOB noKa3aHbi Ha $nr.8. Ha $nrype 
npHHATbi o6o3HaMeHMfl: 

if - TOK B OAHOKOHTypHOM OT (hmax *4,9); 

\2c - tok b cunoBOM KaHane npn 

MTepat^MOHHOM OT (i2cmax=6,6); 

\2r - tok b yTOMHfiioLAeM KaHane npn 

MTepai^MOHHOM OT (i2rmax = 55). 

Tokh AByxKaHa/ibHoro HTepai^oHHoro OT b 

T3K0M pe)KMM6 Cyi^eCTBeHHO M B03paCT3K)T H 

onepe>KaK)T tokm b oAHOKaHanbHOM OT. 

rpao>uKM ycunMfi, pa3BMBaeMbix KaHanaMU m 
jiMHe^HbiM ABuraieneM b Lje/iOM, 
HopMnpoBaHHbix no MaKCMMa/ibHOMy aHaneHUfo 
oah 0 Ka Ha/i b Horo OT, Ana Tex >Ke pe>KMMOB 
noKa3aHbi Ha qbnr.9. Ha cfwrype npuHWTbi 
o6o3HaMeHM«: 

Fi - ycunne, pasBMBaeMoe nHHefiHbiM 

ABuraieneM npn OAHOKaHanbHOM OT; 

F20 ^2t - ycn/iMfl, pasBMBaeMbie 

COOTBeTCTBeHHO CMJIOBblM H yTOHHflKMAHM 

KaHanaMM npn AByxKaHanbHOM MTepai^MOHHOM 
OT; 

F*- cyMMapHoe ycunne, pa3BHBaeMoe 
nkiHeflHbiM ABuraTeneM npu AByxKaHanbHOM 
nTepaL\MOHHOM OT; 

F CT - CT8TMH8CK06 ycunne Harpy3KH. 

V\3 rpa<})MK0B BHAH0, HTO yCMTlMfl B 

ABuraTene c MTepaL^MOHHbiM OT HapacTaiOT 
3HaHHTeribH0 6biCTpee,MeM npw OAHOKaHanbHOM 
OT, OAHaKO npn BbiopaHHbix A/ifl MOAenn 
napaweTpax H3-3a HanuMMfl cymecTBeHHoro 
OTpni^aTeribHoro Bbi6poca TOKa b yTOHHAiou^eM 
KaHane (npw OTpnijaTenbHofl npon3BOAHotf toio 
b cunoBOM KaHane), ycunnfl cunoBoro m 
yTOHHfliou^ero KaHanoB na sthx ynacTKax 
BpeivieHU CKnaAbiaaioTCfl b npoTHBOc}>a3e, mto, 
ecTecTBeHHo, ywieHbLuaeT cyMMapHoe ycunne n 
CKopocTb pa3roHa. 3tot HeAOCTaTOK MO)KeT 
6biTb ycTpaHeH win cymecTBeHHo yMeHbiueH 
cooTBeTCTByHDii^MM BbiGopoM napaMeTDOB 

KOHTypOB UnM OTKniOHeHMeM (OTCeHKOfi) 

yTOHHfliotnero KaHana Ha BpeMfl npoTHBocfea3Hbix 
tokob b cunoBOM h yTOMHPioineM KaHanax. 

Ha opnr.10 noKasaHbi rpacpMKH nepexoAHoro 
npoL^ecca no ckodoctm npn ucnonb30BaHHn 

OAHOKOHTypHOrO OT (KpuBas V 1) M 
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AByxKOHTypHoro (KpMBaa V flpn 
OAHOKOHTypHOM OT nepeperynnpoBaHne a 1v « + 
6,6%, BpeMfl nepBoro cornacoBaHUfl t 1c1 = 0,16 
c, BpeMfl ycTaHOBneHUfl npoijecca no ypoBHio 

0,9^0^=0,38 C. npM AByXKOHTypHOM 

uTepanHOHHOM Te >Ke 

napaMeTpw: a2v«-5,5%; t 1c 2=0,05 c; tp 2 = 0,17 c. 

Ann OTpaooTKM TexHMMecKoro peaieHUfl 
cornacHO M3o6peTeHnto sneiaponpuBOAa Ha 
Hno "PoTop" pa3pa6oTaH MaKeT CMHXpOHHOrO 
riMHe^Horo sneKTponpuBOAa c AByxKaHanbHbiM 
KOHTypoM TOKa noAann 3aroTOBOK b nnocKocTM 
XOY Ann ct3hkob MHCTpyMeHTanbHoro 
npOMSBOACTBa co cneAyfou^viMM TexH nwecKn m m 

AaHHbIMM 

JlnHeMHbie nepeMeu^eHMfl, mm no 
KOOpAHHaTe X 400 no KOOpAMHaTe Y 250 

MaKcviManbHan CKopocTb nepeMeujeHMn no 
KOopAHHaTaM X, Y b pe>KMMe 
no3ML^MOHnpoBaHM5i ( m/muh 20 B pe>KkiMe 
MexaHOO^pa^OTKvi, mm/mmh 60 

ToMHOCTb no3Mi^MOHnpoBaHn« b pa6o«nieM 
pe>KMMe no koo pa h h qtq m X, Y, mkm ±1 

MaKcuManbHan cuna Tflrn, H 

Bcero CJlfl: no KoopAHHaTe X 2500 no 
KOOpAMHaTe Y 2250 ocHOBHoro AKopfl CJTfl: no 
KOOpAMHaTe X 2000 no KoopA^HaTe Y 1800 

AononHMTenbHoro AKopn C/lfl: no 
KOOpAMHaTe X 500 no KOOpAMHaTe Y 450 

HoMUHanbHaw cuna Tarn noAaMU 3aroTOBKM, 
H no KoopAMHaTe X 200 no KoopAMHaTe Y 100 
flnnTenbHan HOMUHanbHaw Harpy3Ka b paooneM 
pe>KMMe no KoopAMHaTaM X.Y.H 160 

FlepeMeiAaeMbie Maccu, r no KoopAHHaTe X 
(MaKC) 260 no KoopAHHaTe Y (mskc) 100 

MaKCMManbHaH Macca 3aroTOBKH, Kr 50 

rionoca nponycKaHnq CJ1A. Fu 100 

B MaKeTe sneKTponpMBOAa ncnonb30BaHbi 
cepMMHO BbinycKaeMbie ycTpo^cTBa m yanw 
npoMbiiuneHHO ocBoeHHbix cucTeM ynpaBneHun 
c Mny-CMcreMbi ynpaBneHMfl "Pa3Mep 2M-5-6". 

(DopMyna n3o6peTeHn«: 

3/lEKTPOnPMBOA. coAep>Kau^n« 
nnHeC^Hbifl cHHxpoHHbi^ ABuraTenb, MMeioiAHfi 
HenoABM)KHyK) nacTb, KOTopaa BbinonHeHa b 
BHAe MamnTonpoBOAa c 3aKpenneHHbiMki Ha 
HeM nocTOflHHbiMH MamnTaMM c MepeAyiounertcfl 
nepeMeHHO^ nonnpHOCTbio, noABUKHyto nacTb c 
AKopeM, MMeioiAMM ocHOBHyio Tpexcf>a3HyK) 
ooMOTKy, Asa i^McJjpoaHanoroBbix 

npeo6pa30BaTenfl, ABa cyMMaTopa, ABa 
ycunnTenw moiuhocth, OTnuMaioL^n^cfl TeM, hto, 
c L(enbK) noBbiiueHkin AMHaMkmecKoft tomhocth, 
noABkDKHaa nacTb ABuraTena CHa6)KeHa 
AononHHTenbHbiM PKopeM c AononHHTenbHoW 
Tpex$a3H0H o6motko^, coAep^aii^ePi MeHbiuee 
Hkicno bmtkob no cpaBHeHMio c Tpex4)a3HO^ 

06MOTKO^ OCHOBHOrO flKOpfl, BBeAeHbl 

ycTpof^cTBO HMcnoBoro nporpaMMHoro 
ynpaBneHMfl, nponopunoHanbHO-MHTerpanbHbii^ 
perynflTop, orpaHMMHTenb Hanpfl)KeHM«, 
nHepquoHHoe 3BeHO, y3en TOKoorpaHUMeHMfl, 
o>yHKi4MOHanbHbi^ npeo6pa30BaTenb, ABa 
peryn^Topa TOKa, ABa AQTHUKa TOKa, asthmk 
nonoxeHwa, npeo6pa30BaTenb o>a3a-KOA, 
BbinpHMHTenb, c()opMvipoBaTenb kiMnynbCHbix 
cumanoB nepeMeiAeHnC^, npkmeM bwxoa 
ycrrpoficTBa HucnoBoro nporpaMMHoro 
ynpaBneHMfl coeAHHeH c bxoaom nepBoro 
micppoaHanoroBoro npeo6pa30BaTenfl, bwxoa 
KOToporo coeA^HeH c nepBbiM bxoaom nepsoro 
cyMMaTopa, BbixoA KOToporo coeAMHeH c 
bxoaom nponopi^noHanbHO-MHTerpanbHoro 
perynflTopa, BbixoA KOToporo coeAMHeH c 
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nepBbiM bxoaom 'orpaHHHMTenfl HanpjwceHHH', 
Bbixofl KOToporo coeAMHen c bxoaom 
MHepuMOHHoro 3BeHa, bbixoa KOToporo cxDeAHHeH 
c bxoaom yana TOKOorpaHMMeHHfl, bwxoa 
KOToporo coeAHHeH c nepBbiM bxoaom 
0yHKi^MOHanbHoro npeo6pa3oaaTejifl, buxoa 
KOToporo coeAMHeH c nepBbiM bxoaom nepBoro 
pery/iHTopa TOKa v\ nepBbiM bxoaom BToporo 
cyMMaTopa, bwxoa KOToporo coeAHHeH c 
nepBbiM bxoaom BToporo perynflTopa TOKa, 
BbixoAbi nepBoro m BToporo perynaTopoB toio 
coeAHHeHu coorseTCTBeHHo c BXOAaMi/i nepsoro 

M BTOpOrO yCMJlHTe/ie^ MOLUHOCTM, BblXOAbl 

KOTopbix npeAHaaHaMeHbi aha noAK/iKweHkm 

COOTBeTCTBeHHO K OCHOBHOtf M AOnOJlHMTeflbHOfl 

Tpex4)a3HbiM o6motk3m ABuraTenn m k bxoa3m 
nepBoro m BToporo abtmmkob TOKa, BbixoAbi 

KOTOpblX COeAHHeHbl C BTOpblMH BXOA3MM 

nepBoro n BToporo peryjiflTopoB TOKa, buxoa 
nepsoro AaTHHKa TOKa coeAMHeH Taiwe c 



BTOpbIM HHBeDCHblM BXOAOM BTOpOrO 

cyMMaTopa, noABM>KHaR nacTb AaTHwra 
nonoKeHMfl ycTaHOB/ieHa Ha noABMKHott Mac™ 
ABHraTe/ifl, HenoABWKHaa nacTb AaTHHKa 
nojioxceHMH - Ha HenoABUHCHOw Macrvi ABuraTe/ifl, 

5 BbixoA AamnKa nono>KeHM« coeAMHeH c BTOpbiM 
bxoaom cpyHKmnoHanbHoro npeo6pa30BaTerm n 
bxoaom npeo6pa30BaTenq 4)a3a-KOA, BbixoA 
KOToporo coeAHHeH c bxoaom cfeopMMpoBaTe/iH 
HMnyribCHbix cktrHanoB nepeMemeHna m bxoaom 

10 BToporo !4n4)poaHanoroBoro npeo6pa30BaTerm, 

i1, BblXOA KOTOporO COeAMHeH C BTOpbIM 

MHBepcHbiM bxoaom nepsoro cyMMaTopa m 
bxoaom BbinpflMnTenp, buxoa KOToporo 
coeAMHeH c BTopbiM bxoaom orpaHMMMTenfl 
HanpyweHUfl, bwxoa c|)opMnpoBaTejiH 
15 MMnynbCHbix cumanoB nepeMemeHHH coeAHHeH 
c bxoaom ycTpoiicTBa MMcnoBoro nporpaMMHoro 
ynpaBneHMfl. 
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